A B S T R A C T Very few normal human peripheral blood T cells are capable of binding autologous erythrocytes to form rosettes, whereas in the T cell population activated by concanavalin A (Con A) the autorosette levels are markedly enhanced. Fractionation of the Con A-activated T cells with autologous erythrocytes into autorosetting and nonrosetting cells demonstrates that suppressor, but not helper, activity resides in the autorosetting population, whereas the reverse is true of the nonrosetting population. Both these activities are found to be Con A dependent. The Con A-induced human suppressor cells can be identified and separated from the Con A-induced human helper cells by the autorosette technique.
Studies on the surface properties of autorosetting and nonrosetting T cells indicate that there is little correlation between the activated suppressor and helper T cell subsets defined by autorosette technique and either those defined by monoclonal antibodies (which are able to distinguish these subsets in the resting but not activated T cells) or those defined by Fc receptors. Since the autorosetting T cell population (which acts as suppressor cells) bears receptors for peanut agglutinin, the nature of Con A-induced human suppressor cells appears to be analogous to that of Con A-induced murine suppressor cells. INTRODUCTION Concanavalin A (Con A)1 activation of peripheral T lymphocytes in mice can induce both helper and sup-A preliminary report of this work was presented at the Fourth International Congress of Immunology, 24 July 1980.
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1Abbreviations used in this paper: Con A, concanavalin A; HBSS, Hanks' balanced salt solution; MLR, mixed lymphocyte reaction; PNA, peanut agglutinin; PWM, pokeweed mitogen; RBC, erythrocytes. pressor function (1, 2) . There is evidence that these two effects are mediated by two separate T cell populations expressing different Ly components (2) . Human peripheral blood T cells can be also activated by Con A to become suppressor cells, but not to exert detectable helper effects (3) . Based on animal studies, one can assume that (a) Con A-activated human T cell population contains both suppressor and helper cell types; the helper effect might be masked by the suppressor effect. (b) Specific markers can be expressed on the Con A-induced human suppressor T cells and/or helper T cells.
Our approach to these questions involves the use of a technique of rosette formation with autologous erythrocytes (RBC). Normally there is a population of human peripheral blood T cells capable of binding autologous RBC to form rosettes (4) . Approximately 3% of fresh or unstimulated T cells incubated at 370C form rosettes with autologous RBC; autorosette levels are much higher in the T cells stimulated by Con A (4). In this report we examine the regulatory functions and the surface properties of the Con A-activated autorosetting and nonrosetting T cell populations. For assay of suppressor activity, the T cells precultured with Con A (unfractionated and fractionated with autologous RBC) were first treated with mitomycin and tested for their suppressive ability in the test culture system. 5 x 104 mitomycin-treated T cells from Con A-activated culture were added to the test cultures of 5 x 104 responder cells plus 2,500 mitomycin-treated monocytes (3), and stimulated with either allogeneic cells (mixed lymphocyte reaction, MLR) or pokeweed mitogen (PWM). Where T cells were used as responder cells in the test culture, they were stimulated with 5 x 104 mitomycin-treated allogeneic cells. When B cells were used as responder cells, PWM (1 ,ug/ml; Grand Island Biological Co., Grand Island, N. Y.) was the stimulant in the culture. Because the B cell response to PWM is clearly T cell dependent (6), freshly prepared autologous T cells that had been treated with mitomycin were also added (5 x 104 per culture). All cultures were performed in triplicate of 0.2 ml in microtiter plates (Cooke Engineering Co., Alexandria, Va.) and incubated for 144 h at 37°C in a 5% CO/95% air humidified environment. The proliferative response was measured by incorporation of [methyl-3H]thymidine (2 Ci/mmol; New England Nuclear, Boston, Mass.) during the last 20 h of culture (3, 5) . The degree of sup- For assay of helper activity, T cells from Con A-activated culture were used as helper cells in the PWM-stimulated culture of B cells. 5 x 104 mitomycin-treated T cells from Con A-activated culture (unfractionated or fractionated cells) were introduced into the test cultures of 5 x 104 responder B cells and 2,500 mitomycin-treated monocytes, and stimulated with 1 ,ug/ml PWM. These test cultures were incubated for 144 h at 370C and the proliferative response was evaluated by thymidine incorporation.
METHODS
Surface markers on T cell subpopulations. Con Aactivated T cell subpopulations obtained by the autorosette technique were analyzed with a series of monoclonal antibodies reactive with peripheral T cells (OKT3), inducer/ helper T cells (OKT4), and cytotoxic/suppressor T cells (OKT8) (Ortho Pharmaceutical Corp., Raritan, N. J.). OKT3+, OKT4+, and OKT8+ cells were determined by indirect immunofluorescence using fluorescein isothiocyanate-conjugated rabbit anti-mouse IgG (Miles Laboratories, Inc., Miles Research Products, Elkhart, Ind.) with a fluorescence microscope (Nihon kogaku Inc., Tokyo, Japan). T cells bearing receptors for the Fc portion of IgG (Ty cells) were detected by using the preferential ability of Ty cells to form rosettes with ox RBC sensitized with rabbit IgG antibody to the RBC (7). Cells bearing receptors for peanut agglutinin (PNA) were identified by the fluorescence staining technique with fluorescein isothiocyanate conjugated PNA (EY Laboratories, Inc., San Mateo, Calif.).
RESULTS
Effect of Con A stimulation on autorosette formation. The T cell autorosette levels of 30 normal individuals were studied. Very few fresh T cells and T cells that had been incubated for 60 h in the absence of Con A were capable of binding autologous RBC to form rosettes (mean percentage of autorosettes with the standard error, 3 .0+0.5 and 1.0+0.3, respectively).
In contrast, when T cells were precultured for 60 h with Con A at an optimal concentration, the rosette levels were strongly enhanced (30.0±2.7%). This mean percent was significantly different (P < 0.001) from that of both fresh T cells and T cells precultured without Con A.
The increase in the autorosette levels was most likely not due to a nonspecific binding of the RBC to Con A molecules on the cell surface, for the following reasons: (a) neither B lymphocytes nor monocytes can form autorosettes even after Con A activation; (b) exposure of T cells to the optimal dose of Con A for 2 h did not increase the autorosetteforming cell levels; (c) inclusion, before rosetting, of a-methyl-D-mannoside, a competitive inhibitor of Con A activation, did not influence the autorosette levels of Con A-activated T cells. These data provide strong evidence that the increase in autorosette levels observed in the Con A-activated T cells is attributable to the Con A activation itself.
Suppressor activities of Con A-activated T cells forming autorosettes and those not forming autorosettes. Con A-activated T cells were fractionated with autologous RBC into the cells forming autorosettes and cells not forming autorosettes. The fractionated T cells were assayed for their ability to mediate suppression of T cell proliferative response to MLR or B cell proliferative response to PWM (Fig. 1) . We found that unfractionated T cells that had been activated by Con A led to suppression of both reactions. Con A-activated autorosetting T cells gave more suppression of both reactions. In contrast, the T cells not forming autorosettes gave no demonstrable suppression, and were added to the test cultures only to increase both reactions. This suppressor T cell activity seemed to be Con A dependent. As can be seen in Fig. 1 , when Con A was omitted from culture medium, the T cells either fractionated or unfractionated failed to suppress both reactions. Con Aactivated autorosetting, but not nonrosetting T cells appear to be specific for the function of suppression.
Helper activity of Con A-activated T cells not forming autorosettes. To examine whether Con A-activated T cells not forming autorosettes might develop helper activity, fractionated T cells were added to cultures of B cells and stimulated with PWM. As shown in Fig. 2 , the fresh T cells (Fig. 2 B) or the T cells, unfractionated or fractionated, that had been incubated for 60 h without Con A (Fig. 2 C-E) expressed significant helper activity to roughly the same extent. The unfractionated T cells that had been incubated with Con A could also act as helper cells but were not as effective as the first four T cell populations (Fig. 2 F) . The helper function of fractionated T cells was studied next. Con A-activated T cells forming autorosettes used as helper cells failed to help the PWM response of the B cells (Fig. 2 G) . By removal of such T cells, helper activity was strongly revealed (Fig. 2 H) . This helper activity was greater than the activity of fresh T cells (Fig. 2 B) and of T cells precultured without Con A (Fig. 2 C-E) . Thus, Con A activation of human T cells can also induce helper activity; such helper activity could be masked in the unfractionated cell population by suppressor T cell activity.
Relationship between Con A-induced suppressor T cell activities and Con A-induced autorosette levels. 14 normal individuals and 15 patients with various diseases were studied simultaneously for their Con Ainduced suppressor activities and the Con A-induced autorosette levels. As can be seen in Fig. 3 servation were the reciprocal studies that demonstrated that OKT4+ T cell-depleted and OKT8+ T celldepleted populations obtained by the treatment of unfractionated Con A-activated T cells with monoclonal antibodies plus complement were not enriched for the cells forming autorosettes (data not shown). To determine the relationship of separated Con Aactivated T cell subsets to the Ty cell population, unfractionated T cells or autorosetting and nonrosetting T cell subsets were rosetted with IgG-coated ox RBC. These three populations were all comparable in their percentage of Ty cells (Table I) .
Several studies in mice have demonstrated that Con A-induced suppressor cells express receptors for PNA (8, 9) . To determine whether the Con A-activated human suppressor T cells also have such receptors, Con A-activated T cell subsets were examined after staining with a fluorescein-labeled PNA. As shown in Table I , almost all of autorosetting cells that exert suppressive effects on the immune response were stained strongly with fluorescein-labeled PNA. In contrast, very few nonrosetting cells that function as helper cells were stained with PNA. The results presented here indicate that the surface properties of (10) . Evidence has also been provided that T, cells are immature cells that have a low sialic acid content on the surface (11) and correspond to suppressor T cells (12, 13) , and that T2 cells consist of helper T cells that have abundant sialic acid residues on the surface (12) (13) (14) . Imai et al. (8) (4, 16) have shown that an appreciable fraction of human thymocytes has receptors for both autologous RBC and PNA, whereas very few human peripheral blood T cells bind the RBC and PNA unless pretreated with neuraminidase. These observations suggest that during T cell maturation, the cell surface of T cells is masked by sialic acid (15, 16) , and that a low content of sialic acid oIn the cell surface may be important in the T cell reaction with autologous RBC (15) . In this study, we have demonstrated that the Con A-activated autorosetting T cells (which exert the suppressive effect), not the nonrosetting T cells (which act as helper cells), can be stained with fluorescein-labeled PNA, indicating that Con A-induced human suppressor T cells also possess abundant 8-galactosyl residues exposed on the cell surface, not masked by sialic acid. Thus, the cell surface properties of Con A-induced human suppressor cells may be considered analogous to those of Con A-induced murine suppressor cells.
Recently, Paracios et al. (17) found that fresh peripheral blood T cells capable of forming autorosettes can proliferate vigorously in response to autologous B cells. Moreover, the T cell population responsive to autologous B cells has been shown to be particularly enriched in cells that are needed to generate Con A-induced suppressor function (18, 19) . In this study, we have observed that Con A-induced autorosetting T OKT8 antibody is found in -20-30% of the peripheral blood T cells. These observations suggest that several T cell types would act as mediators of suppression (22) ; separate cell groups would be, for instance, involved in the suppression induced by Con A and spontaneous suppression. The short-lived suppressor cells could play an important role in the spontaneous suppression, whereas the relatively longlived suppressor cells could mediate the Con Ainduced suppression (23) . It should be noted that the restrictive activity of OKT8+ cells in a suppressor cell population was originally found in spontaneous suppressor assays (20) , and that the suppressive effect of autorosetting cells was observed in Con A-induced suppressor assay system. In support of this hypothesis, our unpublished observations have shown that T cells stimulated with Con A for 60 h and depleted of OKT4+ cells or OKT8+ cells are still able to function as suppressor cells. Furthermore, Kaddish et al. (24) suggest that Con A-induced suppressor cells may mediate a major portion ofthis effect through interferon, however, how the non-Con A-induced suppressor cells mediate their control is not clear. Since comparisons of different suppressor cell assays are needed to evaluate the immune regulatory status of individual patients, identification of suppressor cells with the use of autorosette technique and monoclonal antibodies will contribute to the understanding ofvarious diseases in which a defect in immune control mechanisms is present.
